Single-molecule fluorescence spectroscopy has developed into a powerful strategy for investigating biomolecular structure and interactions, especially in combination with Förster resonance energy transfer (FRET). However, a major challenge is that biomolecular complexes often have a low affinity, resulting in rapid dissociation of the complexes at the picomolar concentrations required for single-molecule detection.
Single-molecule fluorescence spectroscopy has developed into a powerful strategy for investigating biomolecular structure and interactions, especially in combination with Förster resonance energy transfer (FRET). However, a major challenge is that biomolecular complexes often have a low affinity, resulting in rapid dissociation of the complexes at the picomolar concentrations required for single-molecule detection.
Here, we demonstrate a solution to this problem with a microfluidic device that allows a concentrated sample to be diluted by up to five orders of magnitude within milliseconds. The microfluidic device combines diffusion-limited dilution with multiple, long observation channels offering a wide range of dilution factors and observation times ranging from milliseconds to minutes after dilution.
To demonstrate the capabilities of our microfluidic device, we used confocal single-molecule twocolor and three-color FRET to study a low-affinity protein complex consisting of the two intrinsically disordered protein domains ACTR and NCBD. We show that this device can be used to transiently populate and study the structural properties of these low-affinity complexes and quantify the dynamics of the dissociation process over a wide range of timescales. The versatility of the device makes it suitable for studying biomolecular complexes with dissociation constants from low nanomolar to more than 10 μM, covering the vast majority of biomolecular complexes. 
